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SUMMARY

265 chemical compounds,guanylhydrazones,azlactones,hydrazones,
phenols,carbonyl compounds,and miscollaneouc ones wore tested for
in vitro antiviral activity against influenza virus. 104 ocut of
265 compounds were completely inhibitory by the screening test,

Solected 89 compounds ware qualitatively analized for the anti-
viral and toxiec activities. 14 out of 49 compounds were found to be
iphibitory with the ratio of 4 or more of non-toxic concentration
versus minimal inhibitory concentration.

One compound,serial No,212,synthesis No.%?& inhibited HA
production with a final concentration of 1.6 Ye¢¢é and was toxic with
a final concentration of 25 /ce.
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INTRUWDOUCT L0

It has been ravorted that poliovirius multiplir.tion was Lnhibited
by guanidine in vitro (Lwoff, 1963), Guanidine derivatilves werse
inhibitory against polio, coxakle, measles, influenza and parainf-
luenza viruses (Crowther and Melnick, 1961; Tamm and Zggers et al.,
19623 Ueda, 1961, 1962; Loddo, 1962),

It was recently reported “hat amantadine hydrochloride inhibited
inél§enza virus penetration into the host cells (Hoffmann et al.,

965) v

Thig paper repoerts the screening results of guanylhydrazones,
azlactones, hydrazones, phenols and carboayl compounds with the
method of chorio-allantoic membrane culture., ALl chemical compounds
used were synthesized at the Depairtment of Ongandc Chenmistry,
Kitasato University College of Hygienic Sciences.,

MATERIALS and METHODS

Influenza A virus Adachi strain : Infected allantoic fludd of
80th and 8lst egg-passages was ampuled in amouut of 1 ml each and
stored in a dry-ice hox until vse, One.tenth ml of serial ten-fold
dilution of the stock virus was 1l-oculated into test tube contalining
a piece chorio-allantolc membrance and egse.shell. in Hanks'solution
(Iwasakl et al., 1955),

After shaking culture of L tubes each dilution for 48 hours at
36°C, hemagglutinatif titer of each culture fluid was determined
by the standard henagglutination test with chicken red c¢ells, The
maximal dilution showing positive hemagglutination in all four tubes
was detected,

Serial dilution of the stock virus between this maximal dilution
showing poslitive hemagglutination in all four tubes and the next
ten-fold dilution were retested to estimate exact titer of inducing
dilution of the stock virus was determined and named 1 MIDjgq.

Ten MIDjoo was used ag lnoculum in the experiments,

2e Chemical compounds

All chemical compounds were synthesized at the Department of
Organic Chemistry,Kitasato University ¢~ lege of Hygienle Sciences
and dissolved in distilled water or 50 % glycevin, Dissnlved
compound soclutions were autoclaved at 12.6Cfor 20 ninutes prior U~
use, The abbreviationzs W and G were adopted for distilled water and
50 % glycerln used as solvent, respectively.

3. Hemagglutination test

An equal volume of culture fluid from a group of L4 tuhes was
mixed and two-fold serial dilutions were made in an asount of 0,4 ml
of PBS on plastic-plate., Same amount of 0.5 % chicken red cell
suspension was added and allowed to hemagglutinate for 60 minutes at
room temperature.
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L, A) Bcreening test of antiviral effest of chemical compounds,

All chemical compounds tested were selected first as inhibvitowy,
partially inhibitory, and non-inhibitory ones by the applieation of
only one songentration as indicated in text.

The content of culture tube was as follows:

shorio«allantolc mombrane Ca, 5 X 10 mm 1 plece
aggwshall Ca. 5X5 mm 1 plece
Hanks' BSS (pH ?.2-7.4) 0.8 m
virus 10 MID3oo / O.l ml 0.1 nl
Teost sample soiution 0,1 ml
Total 1.0 ml.

An equal volume of chemical solution and 10 MIDj4e / 0.1 ml of virus
wore mixed and allowed to react at room temperature for %0 minutes

and two-tenth ml of the mixture was inoculated into four culture

tubes for each group containing 0.8 ml of Hanks'BSS, apiece of
chorio-allantoic membrane and egg-shell, and appropiate controls

wore made, The fluid was cultivated in rubber.stoppered test tube
(14 X 120 mm) by shaldng machime (stroke distance 120 mm : 110 strokes
per minute) for 48 hours at 36%C incubating room.

B) Determination of antiviral concentration ef chenmical
compounds,

all chenmical compounds could " . divided into three groups of
inhibitory, partially inhibitory, and non-inhibitory ones by the
screening “est, Only inhibitory compounds were selected and deter-
mined for the minimal inhibitory concentration and non-toxic concent«
tation against virus by the limiting dilution of compounds,

The method of determining minimal concentration of each compound
was same as descri%ed above and the final concenreation of compound
which inhibited completely hemagglutinin production was taken as
minimal inhibitory concentration.

5 Toxicity test of compouﬁds.

The test tubes containing:choriosvallantoic membrane in 0,9ml
of Hanks' BSS was incubated with 0.1 nl of appropriately diluted
compound solution for 18 hours at 37¢C on shaking machine, The lnou-
bated membrane was washed twige with 5 ml of PBS, respectively. The
washed membrane was inoculated with 10 MIDjgo / 0.1 ml virus dn 1 ml
of Hanks*' BSS, After 48 hour incubation at SgﬁC, hemagglutinin titer
af oculture fluid was determincd by the standard hemsgglutination
test technique, The maxdimal concentration of each compound which
produced hemagglutinin was talten as non-toxic concentration.
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RESULTS
i: B8creening test of antiviral effect of chemical compounds.

A total of 265 ohemical compounds listed in Table 1 wero tested
for antiviral activity by the application of only one soncentration
as indicated in text, Compounds waere autoclaved prior to use after
about 18 hour storafe at room temperature, Antiviral activity of
cach compound was noted in Table II, As shown in Table III, the tested
compounds were distributed into such three groups as inhibitory,
partially inhibitory, and noneilnhlbitory ones among sach grouy. The
numbers of the inhibitory compounds in eash group are as follows ¢
44 compounds (4S.5 %) in group A--guanylhydrazones,
7 compounds (38.8 %) in group Buweeaw...carbonyls,
22 compounds (30.1 %) in group Dacamcen- azlactones,
17 compounds (53.1 %) in group Be-ea-e—-w..phenols,
14 compounds (31.8 %) in group Fe-w..miscellaneous,
As summarized in Table IV, a total of 104 compounds (39.2 %) were
completely inhibitory, 67 compounds (25.2 %) were partially inhibitory
and 94 compounds (35,4 %) were non-inhibitory,

2., Determipations of antiviral and toxic eoncentrations of
chemlonl compounda,

Quantitative analysis of antiviral and toxic activities of
selected compounds showing negative hemagglutinin production by the
screening test was performed, Compounds were dissolved and auto-
claved prior to use. The procedures used were fully described in
Materials and Methods, The minimal concentration of each compound
which inhibited completely hemagglutinin production was teten as
the minimal inhibltory end point by the inhibition test, ‘he
maximal concentration of each compound which produced hemagglutinin
was taken as the nonatoxic end point bWy the toxicity test. Two
relative concentrations each compounds were listed in Table V.

The non-toxic end point and the minimal inhibitory end point were
oconpared for each compounds, The ratlo of two final concentrations
was listed at the right colummn in Table V.

As can be seen in Table VI, one compound of group A--guanyle
hydrazones, three cospounds of group D-~hydrazones, four compounds
of group E-.phenols, and six compounds of group F-..miscellaneous one-
were found to be inhibitory agailnst virus with the effective ratio
of 4 or more.

The compound, serial number 212 inhibited completely hemagglu-
tinin production with the final concentration of 1.,64/c¢c and was
found to be toxlec at the final concentration of 25¥/cc, therefore
the ratio of this compound number 212 was 16,

As summarized in Table VII, a total of 14 compounds were found
to be inhibitory with the ratio of 4 or more.
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Jerial Zynthesis
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Screenins test of chemical comrounds in chiek
chorioallantouic mens.rane culture
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276
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30ncen-§
tration

100
100
122
100
100
130
100
100
100
50
100
100
100
100
100
50
50
100
150
100
10
100
100
100
50
100
100
100
1100
100
109
50
100
100
100
100
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o OO

50

-

100
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12.5
50

100
50
50

12.5
50

o O

50
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Serial oynthaosis Concerd  HA 8§

o,
59
49
41

ito.
990
001
Qs D

A

995

a9l

Qg7
19030
1046
1050
1051
1052
1053
1054
1055
1056
1057
1058
105¢
1067
10%%
1un4
1065
1046
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076

-~

o

L1097
1078
1070
102

1007

tratior porcent

100
160
100
19
130
153
100
1050
100
100
1300
120
100
100
100
100
103
50
100
100
130
50
159
1\)0
130
10
100
10C
1.0
100
100
1460
100
100
100
100
50
100

50
50
25
50
10C
50
0

0

0
50
100




Serial Siynthesis Concen- A 3erial 3ynthesis Concen-- HA

to. | VIS tratior percert 0. 0. tration rercert
77 1094 100 0 11¢ 194 100 100
78 1064 100 4] 115 196 130 100
79 1097 100 17,5 Group D
80 1077 100 0 117 12 100 100
81 1099 106 0 118 15 100 50
a2 1100 100 0 11¢ 18 100 100
83 1101 100 o] 120 19 100 100
84 110° 100 0 121 20 100 100
25 1103 100 0 122 22 100 s}
S 1104 80 0 123 24 100 100
a9 1105 100 o] 124 26 100 50
8n 1106 50 5% 125 27 100 52
P 1107 50 o] 126 31 100 U5
Group B 129 322 100 100
90 1 100 o) 128 33 100 25
ol 2 100 0 129 35 100 (o}
92 S 100 100 150 26 100 0
93 5) 100 100 121 57 100 100
o4 2 100 0 132 39 100 12.5
95 22 100 100 135 43 100 100
g 22 100 120 134 44 100 100
97 30 100 5 135 45 100 50
8 34 100 0 196 46 100 £0
a9 58 120 2.3 137 4& 100 100
100 71 1{9_ 0 138 49 100 100
101 73 100 6] 150 51 100 100
102 120 100 100 140 54 100 100
103 1”1 100 180 141 55 100 100
104 125 100 100 142 57 100 25
105 137 100 25 143 59 100 ' 0
105 148 100 100 144 61 100 100
107 197 100 ¢] 145 62 100 50
Groun ( 146 63 100 100
102 ? 100 100 149 o4 100 100
109 8 100 100 148 65 100 50
110 10 100 100 149 66 100 o]
111 R Y 100 10: 150 67 100 100
112 165 100 100 151 y2 100 o]
113 156 100 100 152 77 150 100
114 1867 100 100 153 78 100 100

0 =30a




Zerial “Tynthesiz Conecen- Ha Cerinl oyrtreais Concer- EA
Ve, Yo, tratio- (ernent e, 1.0, tratior rersert
154 97 100 0 192 56 190 25
155 107 100 o) 195 60 159 o
155 111 190 0 194 76 100 100
157 113 50 0 195 91 100 100
157 115 100 ) 195 92 100 o)
159 116 100 100 197 0% 100 100
160 117 100 o) 193 o4 100 )
1581 118 100 100 199 95 100 0
- 162 1% 100 100 250 95 10 100
163 194 100 100 201 Q9 50 9)
164 126 100 100 202 105 100 100
155 127 10 100 203 110 50 o)
166 107 109 109 204 16 100 100
167 199 50 ) 505 16% 100 25
; 153 1%% 10 100 206 170 100 50
4 15¢ 149 100 ) 207 171 100 25
% 170 150 100 100 208 172 100 100
171 152 199 100 208 17 50 0
172 158 50 0 "9 175 109
; 17% 159 100 100 211 176 15 50
; 174 195 150 100 212 173 100 0
Z 175 1112 100 50 713 180 100 100
§ 175 1115 100 100 214 182 100 0
E 177 1119 100 100 ”15 184 100 0
] 178 1120 100 0 216 185 100 0
; 179 1121 100 12,5 217 196 100 1°.5
? 190 1123% 199 50 218 157 100 0
§ 121 1124 100 25 219 169 100 >
‘ 172 1155 . 130 100 220 152 00 ' 0
123 1157 100 o) wic) | 10% 100 0
194 1165 150 o) Grour ¥
175 1157 100 25
186 1162 50 o Lo 3 100 100
129 1169 50 0 . 773 _h 100 50
s 159 1172 199 o 204 38 100 0
' ’ 225 50 100 50
Group 3 nog 58 50 0
190 5~ 100 0 elely 70 100 100
191 5% 100 50 gl A1 100 100




Serial Jyntresis Coneen-

No.
229
230
251
249
233
234
235
236
237
258
239
240
241
242
243
244
245
245
247

Ko,
<
84
g5
B
87
88

162

106

108

109

114

130

151

134

135

141

142

143

144

§: Final concentration of compound solutioa,‘?cc

b i)l.

tra ton rereent

100
100
100
100
100
100
100
100

50

50

50
100
100
100
100
100
100
100
100

100
100
107
100
100
50
100
100
0

0

0
50
100
120
100
100
100
100
120

39: HA nercent of control,

Serial oynt esils Concer-

S
sst

ratisr receant

0. VG, t

248 145 160
248 148 100
250 147 100
251 15% 50
252 154 50
753 150 100
254 151 100
2585 167 100
756 143 100
57 14 100
258 174 139
25¢% 177 100
260 179 100
on) 231 100
262 155 =0
253 188 107
264 190 100
265 1m 10u

100
100
1o0




TABIE TIT  Result of Screenin~ test of 265 compounds

Fortially Hone
Inhivitory inhibitory inhidbitory
Group A
1l 2 ] 4 7 10, 13 5 a8 %0 38, 45
5, & 8 11, 17, 25, 2%, 23, wo, 53, &0, €2,
12, 14, 1A, 18, 26, %Y, 32, 33, s, 72.
¢, 20, 21, 22,1 %, 37, 38, &0,
36, 45, 45, 47,1 50, 52, 54, 98,
51, 55, 56, 57, | 61, &4, &5, 66,
59, 67, 69, 73, | 6% 70, 71, 75,
%, 77, 78, 80, | 76, 79, 8%,
81, 982, 83, 84,
8s, 8, 87, 88,
Total 44 Total #5 Total 10
Group B
90, 91, M, 99, 97, ©9, l05. 92, 93, 95, 96,
100, 101, 107, 102, 103, 104, 10A.
Total 7 Total % Total 8
Croup C
- - 108, 109, 110, 111,
1.2, 113, 114, 115,
114,
Total 9'
Group D

122, 129, 130, 4%, [ 118, 124, 125, 126, | 117, 119, 120, 121,
140, 151, 184, 155, | 128, 137, 135, 13%6, | 123, 127, 131, 133,
156, 157, 158, 160, | 147, 145, 148, 175, | 134, 137, 138, 139,
167, 1569, 172, 178, | 179, 180, 1BY, 145, | 140, 141, 144, 146,
185’ 18"" 186' 1%7' l“?, 150, 152. 153’
1892, . 159, 151, 182, 165,

: 154, 165, 166, 168,
. 170, 171, 173, 174,

176, 177, 182.

Total 22 Tobul 16 Total 35

139, 201, 203, 20, | 207, 211, 217. 2027204, 208, 213.
210, 212, 214, 215, v -
216, 218, 219, 220.

. Total 17 Total 7 Total 8

3%




——

Group F

224, 276, 237, 238, | 22%, 235, 234, 240, | 222, 227, 228, 229,
239, 251, 256, 258, | 252, 255. 230, 231, 732, 233,
259, 260, 251, 262, 235, 236, 241, 242,
284, P65. 203, 264, 245, 246,
' 247, a8, 249, 250,
253, 254, 257, 263.
Total 14 Total 6 Total 24

TABLE IV  Summsry of screaning test.

Group of | Partially Non- i
compound Inh:bitory inbibitory | inhibitory | Totel
No. ¥ No¥ % AR
A W4 49.4 35 39.3 10 11.2 89
B ? 28.8 3 16,6 8 44,6 18
c 0 0 0 0 9 100 9
D 22 30,1 l6 21.9 35 47,9 73
E 17 53.1 7 21.8 8 25 32
P W 31.8 6 13.6 | 24  S4.5 | 44
Totel 104 39.2 a7 25.2 o4 25.4 | 265

#
No. : DNumbers of chemicsl compounds.




TABLE V Qunatitetive analysis of antiviral and cytutoxicity
teats in membrane culturc

Seriel Synthesis

Ro.

Group A
1

AL R

No.

115
117
27%
276
277
283
284
290
293
298

3ca
327

418

A2

983
1030

- 1050

1054
1059
1062
1064

Antiviral sotivit,

)

100° 50 25

)
© 06 0 0o ©o 0o © ©

o O © O 0 0o 0o I O oo € O O o ©o o

O ¢ 0 O 0O © 0o o ©o

\n
o]

o
L 4
O W 0O O O © O O O O O o

N\
O

6.3

6.3
0

0
6.3%
25
0
6.3

0
50
12.5
12.5

6.3

25
100
100

25

12.5

S0
12.5
100
25
50
12.5
50
6.3
£.3
100
50
50
25

12.5
100
25
6.3
25
12.5

Cytotoxic activity
12.5

1‘00

008‘80000

100
12.5
6.%

c O ©O

12.5
1nn

50

100

50

o
o ™
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TABLE VI Result of antiviral test of 89 compounds.

Group of Ratiod
compound lorless | 2 4 16
A 1, 2, 4, 12, 3, 5, 18, 1ll.
14, 16, 22, 23, 19, 20, 21,
35, 951 a?i 56v 2“0 259 46’
57, 959, 7?7, 8, 51, 67, 69,
R2, R3, &84, 185, 73, 78, 80.
8a, 87, 89,
Totel 23 Total 1% Total %
B 90' 910 9“'! 91’ 107.
100, 101.
Total 6 Total 1
D 149, 150, 155, 156, | 160, 167, 179, | 129, 130, 178.
158, 169, 172, 173. | 1&56, 187,
Totul & Total 5 Totel 3
E 196, 199, 201, 709, | 190, 210, 218, ( 19%, 214, 215.| 2l2.
221. 219, 220.
Total 5 Total 5 Totul 3
F 237, 238, 251. 276, 258, 260, 239, 256, 259,
261. 262, 264, 265.
Potal 3 j Total 4 'otal &
Ratio% : lon-toxic concentration / Inbibitory maximal concentration
TABL: VII  Summary of antiviral test.
Jreup of Ratio*
compound | ') or less! = 2 4 - 16 '
Now# %  Nogt % |Nowe &% |Nott % Total
A 23 59 15 38.5| I' 25 = 0 39
B 6 86 | 1 14 - 0 - 0 Vé
o - 0 - 0 - 0 - 0 0
D 8 50 5 31.2 | 3 18.8 | - 0 16
E g 32.7 S 35.7 1 3% 2.4 | 1 7.2 14
. F , 20.8| & 46,2 - 0 13
Total 45 50.1 | 20 22,9 (13 4.6 1 1.1 8

atio*: Non-toxlic concertratior / Inhihitory laximsl concentration

i
OV 3

30w

Numbers of chemicel compourds,
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